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SURFACE FLUXES IMPOI+TANT TO CLOUD DEVELOPMENT

Fairley J. Barnes, William Porch
(Los Alamos National Laboratoq, Los Alamos, NM 87545)

and Kenneth E. Kunkel
(Illinois State Water Survey, Champaign, IL 61820)

1.0 INTRODUCTION

To address some of the issues in scaling and averaging of n~asurcrnenls, collaborative field
campaigns were conducted in June 1991 and 1992 by the DOE laboratories funded under the
ARM program. We solcctcd a site in Boardman, OR, wilh two dislinct regions where the sensible
and Ialent hr?al fluxes would differ sharply and where each region was sufficiently exlr?nsiw?for
full development of boundary layers and for Mlb’hg akcrafl-rnounlml hslrtmwnl systems (Barnes

et al. 1992, Doran cd al. 1!392). Measure; ncnls were cluslerwd along a 1&km transect across
adjoining irrigated farmlard anti semi-arirf rangeland regions Ihal allowed Ihe collaborating teams
to conduct a variel) C: studies relaling to overall goals, The Los Alamos team efforts were
focused on assessing the effects of different surface characteristics on fluxes of heal and water
vapor.

Progress from the Ilmrdman experimonfs and prcliminmy work at Ihe Smlthcrn Great
Plains (SGP) CA17”Tsilt (seo Scclion 3 kmlow) has crmlrikmtcd 10 tho ahilily 10 wmdcl aIKl

mrmsurc fhlxrx over a wide range of scalns. Exlrapokdiw] of surface flllx mwwlllrxncu]ls anti
(!xplordi(m 01 mj(y(!{];ili(m of fiI(::IsllI(!III(?IIls of lhlxtv; :md :;llrf;wc (Tll:ll:lf:l[)li:;li(::; ;Il ~liffi:r(!ltl. .
srml(?s will h! II III OLIIII PI CAl\ 1 silfu; irl (jr(l(’r I(J IIKNI(!I IIN! irlfllllw(x! of !;ilrf;u:l! v:tlhddily (M1
Cloud forrnnlioll il[l(l Id(linliv(> Ilansl(>r. O(lr illll)r(ul(:ll i:; {Irli(lll(! irl Illilt it illl(!{]lill(!:; m(xb!ling nrl(l

divcrs(! lk!~ I ir][)ll](>[i(~logios”ils w(!II iis cxp(vlis(} in (!do~i(:ill and ;Ilmosl)hclic s(:i(?nrx!s, Thk is
hpotkrnl rwl only Im Ilw! s~lrfnco characlorizirlion and Surfaco Vury?lalion Ahnnsplwre Tmnsfm
!%hmm? (SVATS) nmdr?linq I!mt will be mquimd for Itw CAI”{T silos, but nlso in the usc of rr?mntr?
scnsinq loots m Iosl 1110nggrcgafion of lower flux Inoilsur(lrnrv)[ :i,

2.0 FINE SCALE VARIABILITY IN FLUXES OVER RANGE AND FARM
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of the rangeland. The grassland mess worr?clominalsd by n(?mle-arrd-l!wr! ad,a perennial
bunchgrass. Ahovcg~ound green ve@iiliv~ covr?ron the grnsland sites ranged from ?0 to 40%.
Biomass estimales for three silr?sin this comrmmily ranged from 131055 @rn2. The two shrub
communities were dominated by cilher rabbilbrush or blllerbrush, wilh undcrskwies of needle-
and-lhmad and/or cheatgrnss. Ovcrsto~ canqiy cow?r on Ihe shruh sites was aboul 14%. Al
Ihe limo of the study. Ihe perennial gmssos had Iargcly complelcd vegcta[ive growth and were
slmling 10 set seed, while the annual grasses were scncscerw wilh no green fcdiagc evident. TIw
shrubs were still in an active vcqefnlivc growth phase. Conditions across the rangeland wer~
extremely dry. During the sludy period. gravimelric soil rnoislurc determine on sample from O to
15-cm d@h rwwy?d from 1.1 h) 4.1% volume, and from ?.5 10 6.4% vdlml(? in the 1510 30-(Yll
duplll =mplcs.

Meat; Iatcr]l md scnslblo heal fluxr!s wore calculated fnr Ilm shrub (4 sitm) and grass (5
silos) cornmunilios. M(!ar] maximum doily srmsibh? hr!at fluxes for troth cm?m]lmilics ranqml frnrn
270 fo 450 W m 2, and almlll 4510110 W m-? for Intml heal fluxes. Thrm was no rliscmnihlr!
trnnd in Ihe cllrxl nf vognlalivc cover type of 11]0rnrxm fluxes. Inspection 01 ttm daily Ilux r;~lns
for each sile showcrt Ihal lhc snnsildo heat Ilux rntcs were remarkably uniform among silos.
I+nwmmr, lhc Infrml hoaf flux fmrn thn billrvbnl%h silo was signiticanlly (lY43,tll ) higher Ihan ovnr
lhc olhor shrub sites. 1 his trend cmmol ho oxplairmd by 1110effccl of surfaco soil rnoisluri? which
Irmrlr?dIn be Iowm ill lhi:; riil(p. Allhollf]tl [Iv! (wtvall vcgr!t:llivc covr!r cm Il]is silo was silllililr IIJ
tho nlhtw shnlh silos (14%), lhc dorllinar~l :;hrllh spccirw (hitlmhnu;h) Ire:; a I;mlor qrowlt] Inrrll
,and higher gro(?n tNOHlil!; S p!r shntl) I!): II) IIN} mli)ilhru:;h growing on tllf: (dl]tIr :;lmll~ :;ilos l“lN!
pokmlially higlmr grrxm l~inmiis~ pm ur~itground arm? and rtccpnr rooling rioplh (Iikdy with :
Inrgor sired stmlh nmi rcsldling in the vogntidiorl mmxssinq soil moist Ilro drwp in 1110profilr!)
I:ol!l(l il[!(:()(lrll Ior fllo Ilighor I I fr[~rn1110mli’

2.2 1992 Results
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flux Hcsulls show-l first [hat palh avernry?d Oplitxd tv:al flux delcrminal ion allowed milch f:istw
dolermmalion ol heal fluxes than can bo oblaincd from a Iowcr, Passing cloud sl~adow clfects
could be dclincd wilh high temporal resolution using oplical Iurbltlonce based Iwmt flu%and
[urbulenl erwrgy dissipation over palhs 01100150 m. Second, it was shown that corwergence of
[he wind inlo Iwo Iriwrglos delinti by oplical cross wind sensors is rclalivcly indepmdcnt of scak!
betwcm] 200 and 400 m. 1 bough WGwore urmblc 10 dolcrrninc ii land use induced daylime
cmwciqcnce in Ihc dry grasslmd, w(?w(?roable 10 detect smaller scale Icpgraphic cIIL!Is IIml
may al limes slirnulale or inhibfi cloud formation. We also showed Ihat net divergence and
downward velocities olmcrvccf the previous year under relatively high wind conditions were not
olxxwwf under ligl]l winrf conditions in 1992.

3.0 MODELING OF SURFACE FLUXES OVER SGP CART

In 1!J92, wo lmslcri Mr. D~iln Jordan, a DOE Glolml Clirnaio t-chow horn lJ. Wyoming, for a
3 monlh prm;licum. I Iis prcw?ncc at [cm Alilrn(]~ gave us Ihn opportunity 10midrmm Ihe issue nf
rnmh!ling surlwxr IIUXOS(using HAMS, h? [U!giorml Almusphr?ric Modeling Syslorl~) al thr! S(W
GAI 1“[site ahcml ol schwhdc. Our objectives wmt! !O (1) utilire data hascs curr(!nlly avaikrhlo,
(;tmraclorizc lhc soils and vcgclalion with milximurn dclnil, and enter Ilw diIlii inlo lIN?A17[Y1NF(1
Googmphic Informnlion System (GIS), (2) aggrcgalc Ihe surface fealures at different scales, and
(3j ccm~are rcsulls from nmdoling oxpmimcmts with Ihn smfncc fcalurcs affqrcgrdcd at diffrmmt
swrlcs, using a control sirnulilliorl wilh uniform vegulillion and soils as 11}0l)iRM?lirM?. Wo rnado
~m)gr0ss Iownrd comph!ling Iho Iilsl two ohjoctiw!s, ,]s well ilS p(!riorrning initi:d nms cornpiir inq
tho rods from ii uniform Sllllil(Xl parilmctcrimlinn 10 a .scmmrio wllh soils nnri Vogelillinrl
il!l!lro!lill(d hlh) il I(!w (:lil~~i}s ill 1[i. krn rl!soluliorl (J(]r(lilr} d ill. t 9!13).
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